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Outline

» Very brief overview of rare leptonic B decays
»B—lv, B>, Bo>vv, B X v
> Purely leptonic decay B—>tv

» Overview of B>tV searches at BaBar on 81.9 fb’!
on-resonance data (submitted to PRL)

» Search for B—>1v recoiling against hadronic B
> Search for B—>1tv recoiling against D%/vX

»Focus on search for B—»tv recoiling against D™0lv
on 210.6 fb-! on-resonance data

New method

» Future prospects and sensitivity

» Summary
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Rare Leptonic B Decays in the SM

» Leptonic decays B—>/lv, B=>["I, B—»>vv, B>X_ vv

d W
b | T ‘
. Z(? y _ Z ¥
B lv W .:. 7R Ny
d I - = u.:,f = 2
W-boson T
annihilation = B—>X, vV

Electroweak penguin and W box diagram
Flavor Changing Neutral Current (FCNC)
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Suppression 1n the SM

» CKM matrix elements relative magnitudes
4 )
— /qi = u,c,t /I/ud Vs I/ub\ . O
V \ I/cd I/cs I/cb I/lj — . . -
0] q; = d,s,b Ty Vo Vi) . .

-
» CKM suppression: BR(B—lv) « [V,? v |~ 4x107

» FCNC processes: B—/I"F, X, 4vv involve V4 or V

> Helicity suppression : Purely leptonic decays

[ B* .
. <—>
I—I/ \l—l

BR(B — Iv)oc m}
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SM Branching Ratio Expectation

> Rare leptonic decay modes searched at BaBar

Decay Mode | SM Prediction
BY—ete- 2.4x10°15
BO—utu- 1.0x10-10
BO—etu™ -
B*>Ktvw | 3.852x10°
Bt>mntvy oc | V4|V |?
B—ovv oc (Mm,/mgo)?
Bty 4.2x107

Note: B*—1*v not included here, will be discussed in

detail later
FNAL, 04/26/2005



Physics Beyond the SM

»> New physics contribution = significantly modify SM
predicted rates

> Example: enhancement of BR(B—>p*p).
(MSSM with Modified Minimal Flavor violation, Phys. Rev D 66, 074021 (2002))

~

[ = sleptons

DT ol b g
. . da o d, =down type squarks
~ = . I Nk g_-l poy H 3h ")\CJkO = neuﬂ’dlll’lOS

g = gluino
H? h', A° G° are Higgs and
l would-be-Goldstone Bosons

» BR(B—>utp) can be enhanced up to 10’

CDF: BR(B—pp) < 4.9%x1038 at 95% C[, (Preliminary, B. Abbott, SLAC Seminar)
BaBar: BR(B—p'p) < 8.3x108 at 90% CL (Sub. to PRL, hep-ex/0408096)
CDF: BR(B—-p'p) <1.5x107 at 90% CL (PRL 93, 032001 (2004))

Belle: BR(B—ptw) < 1.6x107 at 90% CL (PRD 68, 111101 (2003))
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Experimental Status:
Rare Leptonic B Decays at BaBar

BLete | IsM

0 | — BABAR
ad Y (90% limit)

Ben [<

B KW |[<

B L Tt'wW |< 7

B" - u'v |<

BO_)VV <.| N I NN NN AR NI SRR R B =.| A

10" 10" 10° 10° 10% 1
BF

Note: B*—1*v not included here, will be discussed in detail later
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B—o1tVv

FNAL, 04/26/2005



SM Theoretical Prediction

> Standard Model (SM) branching ratio

G*m.r m
BR, (B —v)= FSB Bf;||2 7
T %

v

B meson decay constant. Vg, =
= describes the

overlap of the quark wave- (Vu J V;S \ Helicity suppressed
functions inside the meson TiHie=
I/cd cs I/cb 3 7
1:5%x10~: 1x10
\ Vi Ve Vi y,
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SM Branching Ratio Expectation

» The SM estimate using 2004 PDG values:

BRg\(B>1v) = (9.3+3.9)x10°S
BR,(B—>uv) = (4.2+£1.7)x107
BRg\(B—ev) = (9.8+4.1)x10°12

f,=  (0.196+0.032) GeV
V= (3.67£0.47)x1073

Relatively large uncertainty (~40%) in the SM prediction
= uncertainties in the values of 75 (~16%) and |V, | (~13%)

» BR¢,(B—1v) is within the current experimental reach
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[z Measurement

> Provide direct measurement of B-meson decay constant f5
(Given measurement of |V, | from semi-leptonic decays)

» Currently value of f; is only know from theoretical calculations

f,=0.196 £ 0.032 GeV

~16% error on f,
(PDG 2004, Lattice QCD)

» Uncertainty in f; is a significant limitation on the extraction of
|V,4 from precision BOB0 mixing measurements.

Ay Znm, WO/O N

World average of Am, By=1.26£0.10 ~19%
(0.502£0.006) ps! ~8% error uncertainty
~1.2% error (HFAG, hep-ex/0412073) (PDG 2004, on [V

Lattice QCD)
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Constraints on CKM Elements

> Extract |V | / |Vl from BR(B—/v)/Am,

BRSM(B —>/ V):37Z' T (l } v, [
Am, 4 175 my, By SO(xt) ‘ ‘

2

Vo

BR, (B —v)=((4.31£035)x10") .
td

2

» The ratio 1s independent of f, = ~4% theoretical
uncertainty on |V, |[/|V 4l

FNAL, 04/26/2005
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Constraints on CKM Elements (Cont’)

» Unitarity condition of CKM 4 (5.77)

matrix 1n the SM leads to ol EREEEE
triangle relations in the complex " |

plane

Ty Vol =0

2 —2 —

Vo _ 1 P Tn P
vl -2/ (-pf+7

=(0.22

Vs

» BR(B—>Iv)/Am, « |V, |*/|V,4|* = map out allowed zone in the
plane of Wolfenstein p and | parameters.
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Physics Beyond the SM for B— /v

» Sensitive to contribution from physics beyond SM

» In two Higgs doublet model (type II) (Phys. Rev. D. 48, 2342 (1993))

W, H

m 2

BR (B —/ V):BRSM(B—% v)x[l—tanz,b’ f)
26

tanfis the ratio of vacuum expectation values for two Higgs doublets.

» Provide important constraints on tan §/m .

» Modification of the SM rate depends on the values of tanf3 and

my = for my = 140 GeV, tanf = 40, factor of ~1.6 enhancement
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B*—>1"v Searches at Other Experiments

» Existing upper limits at 90% CL from other experiments

@ALEPH (1994)
@CLEO (1995)
£ @L3(1997)
o 0 %% @DEL PHI (2000)
> =< @CLEO (2000)
. @Belle prelim (2004, 140 fb)
. I I R R R | I I L
10 10° 10°“

BF(B - V)

L3 (LEP): BR(B—tv)<5.7x104 (Phys. Lett. B 396,327 (1997)

Belle: BR(B <2 0x](-4 Preliminary (2004), on 140 fb! on-
( _)TV) 910 resonance data (hep-ex/0408144)
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Search for Bt—1t*v
at BaBar

FNAL, 04/26/2005
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PEP-II Asymmetric B-Factory at SLAC

» Asymmetric beam energies

9 GeV e and 3.1 GeV e

» Operates at Y'(4S) resonance
(10.58 GeV)

> Y(4S)—BOB° or B*B- pairs
» B-mesons at lab have By=0.56

» B-mesons almost at rest in the
Y(4S) center-of-mass frame

FNAL, 04/26/2005

Positrons

o(c'e = Hadronsinb)

PEP-11
Rings ™

Low Energy Ring
BABAR Detector

* Electrons

High Energy Ring

T e E e o L e o L e e
L % yasy o(e'e > Y(4S) > BB)~1.1 nb ]
wE N N o .
i, o(e'e >qq;q9=u,d,s,c)~3.4 nbj
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wof i o0 o Y(38) A
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PEP-II Luminosity Performance

232x10 BB  2005/04/25
211 fblon- .
240 | peak data
BABAR  for Bty
220 —
search
200 | PEP-II Delivered 255.16/fb
—~180 | BABAR Recorded 245.56/fb
£ BABAR off-peak 22.68/fb
>160 ——
: B
£ 140 89x10° BB //__//
E 120 — 82 fb! on-
%109 _ Peak data for VAR //
8 B—tv search }UL/
£

80
/ — Delivered Luminosity
60 i

Off Pec

1K

— Recorded Luminocs

I

FNAL, 04/26/2005

10.4

T O

Integrated Luminosity [fb'1]

Best Performance

PEPII peak Luminosity:
9.213x1033 cm-2 sec-!

Integrated Luminosity:
in 24 hours: 710.5 pb-!
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The BaBar Detector

b |
i

EMC
6580 CsI(TI) crystals

1.5 T solenoid

144 quartz bars il I
11000 PMs i

e (9 GoV) &' (3.1 GeV)

Drift Chamber
40 stereo layers

Instrumented
Flux Return Silicon Vertex Tracker

(muon / neutral 5 layers, double sided
hadrons) strips

SVT: 97% efficiency, 15 mm z hit resolution (inner layers, perp. tracks)
SVT+DCH: o(pp)/pr = 0.13 % x py + 0.45 %
DIRC: K-m separation 4.2 ¢ @ 3.0 GeV/c 2 2.5 c @ 4.0 GeV/c
EMC: or/E=23%E"® 1.9 %
FNAL, 04/26/2005 19



A BaBar Event
N Both of the B

mesons 1n the
event are
reconstructed

B-—D"uv
|_>D0y

BN

B*—D* ¢ty

o K

Timestamp: 717 17caZcf2823607 7Y

Date Taken: Wed |ul 26 064951 337826000 2000 POT Rela‘rively clean
HER: 8479 Gev, LER: 2.117 Gev environment.

FNAL, 04/26/2005 20



Analysis Strategy

» In B-factory environment \ /v /
ete- = Y(4S) > B'B- & ®,

- QO
B*H1t'v, B—5X / “Ngmes vV, . G
II §~‘
Main t decay modes / V,

T—>evv, Uvv X
11V, Ty, TRV Bttty Ttetv, v,
» Multiple neutrinos in the final state = very little experimental
constraints

> Reconstruct one of the B meson in the event

» Compare the remaining particles in the event with the
signature expected for the signal decay.

A relatively new technique = exploits high luminosities at the B factories
FNAL, 04/26/2005 21



Tag B

> Reconstruct one of the B-mesons, referred as the "tag 8", in
semi-leptonic or hadronic decay modes

- s -
S:_:’ B—oDN [y (I=e, ) o0 B — D’ X4
o DO = DO
ao + O K-t
ﬁ) o — K11 = — TC
.L]—c-’ —> K-t 1t0 O Kt
- - -
% — Kt nt o — K- n"n
U) —> KOS TC+ T -8 e KOS TC+TC-
XL Xy.0=0n7*+n,K*+n,n’ + n,K°

(n,=1,..5, n,=0,..2, n,=0,..2, n,=0,1)
FNAL, 04/26/2005 22



Signal Side

> The recoil of the tag B is referred as the “signal side”
» Identify leptonic and major hadronic T decay modes in the signal

side = ~80% of t BR.

[ (or Xjq) T decay modes used
D)0 BR (%)
Tag B t—evv |17.84 £0.06

T—uvv | 17.36 £ 0.06
T—TV 11.06 £0.11

Signal side ™.~
All visible charged t—nndv 2542 £0.14
and neutral particles s A t—nrry | 9.12+0.10
¢ 4
v
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Signature of B*—1t"v Decay in the Signal Side

» B—1v decays produce small number of tracks and neutrals.

o 15— ‘ ‘ ‘
3 : : BaBAR
o = - = preliminary -
g :
1) 10+ ) —
S B - 1tV Signal MC
o B _
LIJ -

5 e ) —
O O_ T | '7.47l llllllll :
§400000_ e on-res. Data |
5 | o off-res. Data i
5 [ BB MC
£ 300000+ — . —
= I 5 BB’ MC |
> cc MC
111 200000/~ g uds MC

- Tt T MC
100000
O—eo—
0 2 4 6

Signal-side track multiplicity

Number of charged tracks in the

FNAL,

signal side

04/26/2005

Events/0.0500 GeV

Events/0.0500 GeV

2.5R

2

15

1

0.5
0

T
‘Jlllll'l‘
-
Sk
-Il:
.

T ‘ T ‘ T ‘ T
5
£

------ B - tv Signal MC

BABAR

preliminary

30000

20000

10000

e on-res. Data
o off-res. Data
L] B*g;) MC
Bl 3°B° MC
——Jcc MC
B uds MC
TEE T T MCef

1.5
Eexra (GEV)

Total energy (GeV) of the signal-
side neutrals with E>30 MeV
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Three types of tag B are used

» Hadronic B Tags

» DYvX Tags (X=n', y or nothing)
» D™y Tags (New)

Next :

» Brief overview of the first two methods

> Focus on the new analysis method using D™/v tags

FNAL, 04/26/2005
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Submitted to PRL (hep-ex/0407038)
Search for B*—>t"v using Hadronic B Tags

» Tag B reconstructed in a set of hadronic final states

B- - D™ X, ., D0—Dx?
DY Signal
S K 7t Sideband _I}egion

e . <+—
LK o Region

Kttt

N KOS T

X g = Dy + 0, KE+ n3ﬂ:0 +n 4K"s
(n,=1,..5, n,=0,..2, n,=0,..2, n,=0,1) Mg = \/ (Eb2 Bz) (Ge Vi cz)

eam

» Fit for background and signal in beam energy substituted mass
(mgg) distribution to obtain reconstructed B yield:

(167.8 £1.24, £3.0,,,)x10°

» Signal T modes

T—evv, uvv and t—>nv, v, Ty
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Submitted to PRL (hep-ex/0407038) 81.9 fb™!

Physics Results : Hadronic B Tags

Mode | Signal-side Expected Obs.
Efficiency (%) | Background | Events

evv 3.4+0.1 0.7£0.410.1 2
TAAY 1.9 £ 0.1 0.9£0.5+0.1 0
TV 2.6 £ 0.1 1.3+0.61+0.2 2

TV 0.6 = 0.1 4.3+1.0£0.3 4

el 2.0 £0.1 10.0+1.6+1.3| 7
all 10.5+0.2 17.2+2.1+1.3| 15

Expect ~1.8 signal events, for BR(B—-»tv)=10"*
Branching fraction upper limit
BR(B—>1tv) <4.2 x 104 at 90% CL

Use statistical techniques based on Higgs searches at LEP.

(A. L. Read, J. Phys. G28, 2693 (2002) )
FNAL, 04/26/2005 27



Submitted to PRL (hep-ex/0407038)
Search for B—>1v using D%vX Tags
» Tag side: DY/vX , where X=n", y or nothing.
D> Kn , Knn’, Knnn, K nn
» Signal side: T— (e, p)vv
> Total selection efficiency  (4.19 + 0.31, 0.36,,,)x10

Branching fraction upper limit

BR(B—1V) < 6.7 x 10+ at 90% CL

DO%vX tag sample is combined with statistically independent
hadronic tag B sample. Combined upper limit submitted to PRL

BR(B—1tv) <4.2 x 104 at 90% CL

To improve the sensitivity of the search a new analysis is performed
using a cleaner subset of the DOlvX tags.
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Search for B—>tv using D™0lv Tags

» Tag B reconstructed in
exclusive semi-leptonic
decay modes, D*/v, a
cleaner subset of the D%/vX

tags. ~3.4% of the B-
meson BR

B- 2> D*' v (I=¢,p)
L 0y

— K-t

— K-t 0
— K rnnnat
— K nt

» On the signal side, both leptonic and major hadronic t decay

modes are identified = ~80% of t BR

Signal t decay modes
T—evVV, Uvv
T—7V, TRV, TRV

FNAL, 04/26/2005
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D™lv Tags : Pros and Cons

> Disadvantage : reduction of tag B reconstruction efficiency
> Advantages:
» Cleaner signal side
»DOvX: signal-side can contain neutrals from tag B decay

»D™0lv: all the neutrals from tag B are removed =
improves separation between signal and
background

» Better signal to background ratio in leptonic T modes

» Include hadronic T decay modes = Compensate for the
relatively lower tag B reconstruction efficiency

»DYvX: hadronic T modes are not included due to high
background level

FNAL, 04/26/2005 30



D™lv Tag Reconstruction

» Mass difference between D*0-D° (AM) provides strong kinematic

Events/0.0016 GeV/c?

L u"':.fllllul'"l
|

FNAL, 04/26/2005

constraint.
§ 6L 2 BABAR
i) - preliminary
o -
g
3 4 oS [ B - Tv Signal MC
S -
B z
S
) =
L|>J L o
N 0 s .li" bbb I L LI LTI Fannnnn Fagnanad
© - |
% 60000 e On-res. Data
Q) o Off-res. Data
- B [ BB MC
—0
S 400001 Bl B°B” MC
S i [CJcc MC
I B uds MC
S 20000+ Ot t MC
>
[

0.16

AM (GeV/c?) for (Donojev

BaBAR
preliminary —

TV Signal MC]

On'res. Data]

Events/0.0016 GeV/c?

0.16

AM (GeV/c?) for (D%)ev
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D™lv Tag Reconstruction (Cont)

» Lepton P* > 1 GeV

> Lepton and D° daughter tracks satisfy appropriate particle ID

» -1.1< cosOp oy < 1.1

RE,E . —m2—m>, )
2|55y,

COS QB’D*OZ —

» Net event charge = 0

Eag = (1.751 £ 0.071 (stat.) + 0.053 (syst.) )x10
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B*—>1t"Vv Signal Selection

»> Signal 7 is identified in one of the six selection
modes

(1)evv

(2) pvv

(3) nrmv

(4) tv

(5) v

(6) Failed Particle ID (PID)

> No overlap of events among selection
modes

FNAL, 04/26/2005 33



B*—t"v Signal Selection

evv Selection
» One signal-side track

» Signal track satisfies e ID, fails p
and K ID

> P*ofe<1.4GeV/c

uvv Selection
» One signal-side track

> Signal track satisfies u ID, fails e
and K ID

» P* requirement not applied

» P*distribution of signal muon
satisfying particle ID peaks ~1 GeV/c

FNAL, 04/26/2005

(Cont’)

2200~

) I |

S 150 < evv MC

N events

\—! L

o

E 100- -

(- L

~

T 50- -
0

P* of signal

Events/0.1200 GeV

0 05 1 15 2 25 3
track (GeV/c)

80 uvv MC |

60- events |

40 :

20 |
]

0 05 1 15 2 25 3

P* of signal track (GeV/c)
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B*—t"v Signal Selection (Cont’)

v Selection
» Three signal-side tracks

» Signal track satisfies © ID, fails e, p, K ID

» P*of 3n> 1.0 GeV/e.
» Intermediate a,* resonance

v Selection
» One signal side track
» No signal-side n°
» Signal track fails e, u and K ID
» Signal track P*>1.2 GeV/c

nn’v Selection
» One signal side charged track
> At least one signal-side m°
» Signal track fails e, u and K ID

» Intermediate p* resonance
FNAL, 04/26/2005

Events/0.1200 GeV
N =
o O 6 & & o

Events/0.1200 GeV

nnrny MC g

events|—

00]
O

(o))
——

N
?

N
o T

O T

05 1 15 2 25 3
P* of 3t (GeV/c)

v MC
- events

0O 05 1 15 2 25 3
P* of signal track (GeV/c)
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B"—t"v Signal Selection (Cont’)

» Low muon identification efficiency for muons from pvv

Events/0.1200 GeV

05 1

15 2 25 3

Events/0.0800 GeV

0.2

0.1

02 04 06 08

1

1.2

Y S N Failed PID Selection
S 0al " "+« . | > One signal side track
§ 0q 1 » No signal-side rt*
~ 02 . 1 » Signal track fails e, p and K ID
é g Mecereamencomoisawle 3 3> Signal track P*<1.2 GeVi/e
05 THE S 553354 455 od ;---'gv;vr'v Signal MC
P, (GeVic) - m v’ Failed -
2 - 03 i .07 PID -

P, of signal u (GeV/e)

FNAL, 04/26/2005

P* of signal track (GeV/c)
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B*—t"v Signal Selection (Cont’)

> Signal defining quantity : E

extra

=2 K

Neutra

 (>30MeV)

Exeutrar 18 the lab energy of any neutral, not associated with the tag B
or the signal side (t—>nnt’v selection).

> Eextm n Signal N E 5 E 20y | BABAR ]
o ] o E‘- preliminary
beam-background, 5 , ¢ 5ol e B . Tv Signal MC |
hadronic split-offs, & N R Falled. PID B
bremsstrahlung etc  © S Selectlon ....... ]
0 0 ——
» Blinding applied § 5 B MC § 305 %Kﬂcc ]
2 20- C K i IJCS b
to E,,,,<0.35 GeV' & ~HENC S wESpTme i
region in on-peak £ BUTMC £ I~
data i a o )
% 05 % 05 1 15
Eura (GeV) for failed PID mode
E..irg (GeV) | evw | pvw | m=v | nlv | nrnv | Failed PID
Signal Region|<0.25/<0.15/<0.30|<0.25[<0.20| <0.17

FNAL, 04/26/2005
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Background

» Main source of background 1s B"B-

Tag B correctly reconstructed, Undetected particles on the signal
side : K; and/or neutrino, frequently tracks and (or) neutrals pass
outside detector acceptance.

» Continuum events (e*e—uu, dd, ss, cc, T71°) in
hadronic T modes

T-ew

B'B

FNAL, 04/26/2005 38



Continuum Background Suppression

» Continuum background jet-like, e et
— . . I
BB events 1sotropic
» Event shape variables B decays (CM): isotropic
* Fox Wolfram moment
* cosOr : Cosine of the angle between the o ot
thrust axis of tag B and the thrust axis of 74

the signal side
Continuum (CM): jet-like

» Kinematic variables for continuum suppression
» P* of the D™
» P of the primary lepton

(ZEBED*OZ —m, —m; )

D™
2 ‘p B Hp D1
FNAL, 04/26/2005 39
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Continuum Background Suppression (Cont’)

» Two event shape variables and three kinematic variables are
combined 1n a Fisher.

» Selects 93% of signal, rejects ~37% of continuum background

% 600{— e "J 'h o
5 I s ® 120~ « on-res. Data
“or i ] S o offres. Data %
L £ 100 B'B.MC .
“ : 2 7 mm BB’ MC
- s <+—: N [ cc MC
CSLLLULD B - TV SignalMC | ™"t @ 80— uds MC + +
200{— - Tt T MC H
- P A 60— + 5
0 il “'E . 1 . I E":.\L 40__ +
sol— O off-res. Data b B
[JccMC 20—
~ [ uds MC B
wol— [T T MC 0
-1 -0.5 0 0.5
ol Validation of Fisher output on
“double-tag” control sample
0 1 -0.5

Fisher output
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Signal-Side Selection Efficiency

Decay Selection efficiency (%) » Account for

inMC |ew | uw | nv | n'v | 3nv | Failed cross-feed among
PID modes

eV 434 0 |13] 02 | 0 | 69 > Total signal-side

uvv: 0.1 [18.0| 8.0 | 0.6 0 304 efﬁcjency for each

8y 0 0.3 (40.2| 1.6 0 8.1 selection

andv 0 | 0 [52] 73] 0| 26 Necay =7

LY 0| 0| 0] 0 [181 0.7 &; = Z j

andndy | 0 | 0 |05 1.7 | 0 0.2 j=l %

nrnn’v 0 0 0 0 | 2.0 0.3 &/ is the efficiency of

Other 1.3 111 |34 | 1.6 | 1.0 4.1 the selection 1 for the

Total(s)| 7.6 | 3.2 | 75| 25 | 13| 83 MC t decay mode j,

T, 30.4 /;= BR(t—>mode j)

No systematic correction applied to efficiencies listed in the table

FNAL, 04/26/2005
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Background Estimation

> [,
> E__., side band: 3 25—_;25;;3?2“/'(:
035 <E_,<1.0 GeV § 20
> Count data events in S .5
o 15-5<
E..., side band % —§
c 105
> Extrapolate to the > s |
signal region, using the - 53?_,7 J
shape from MC.

t I ! !
P 0 0.5 1 15
E..o (GEV) for evv Selection

Ngxpected  pydata (NMC - NMC )

gnal region Side band Signal region Side band
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Background Estimation (Cont’)

Selection Data Bkg. B*B- BOB® | udsct | Exp. Sig. | Bkg./
Mode sideband MC BR(B—1v) | Sig.
extrapolation =10
evv 12.8+2.3 11.7£1.7 | 8.6£1.4 |2.6£0.8 [ 0.5£0.5 3.3 3.9
nay b.3+x14 48+1.1 | 3.7£1.0 | 1.1£0.5 0 1.4 3.8
TV 26.4+47 22.8+£3.0112.0+1.7 | 4.5+1.1 | 6.3£2.2 3.3 8.0
Failed 30.8+4.6 |25.4+3.2|14.3+£1.9|2.1£0.7 | 9.0£2.5 3.7 8.3

PID
v 25.3+3.7 2524321 15.0+£1.9 | 2.4+£0.8 | 7.8£2.5 1.1 23.0
TV 20.5+2.8 22.9£2.7 [ 12.7£1.8 | 7.2+1.4 | 3.1£1.5 0.6 34.2

No systematic correction is applied. All errors are statistical only.
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Simulation : Signal MC

simulation in the

Validation of E

> Validate E

extra

. extra} > T
1 MC w - 0 D 25()T _
signa using “double-tags ! BABAR
_ $() 5 — —x AN 200 preliminary _
B —>D Of V, ®B" > D 0€+V€ o i - on-res. Data |
CD_ 150* +’7 © Off—reS. Data a

o C1B'B MC
> Double tagged events o mB’B MC |
. . c 100- cc MC -
» Reconstruction of the entire o | M uds MC _

event w50
> Sources of neutrals contributing

to E.,,., in the double-tag are
similar as those in the signal MC

> Reasonable data-MC agreement in E,,, distribution for double-

tagged events = validate the simulation of beam-background,
hadronic split-offs, bremsstrahlung etc. in the signal MC
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Validation of E_, ., Simulation:

Background Estimation

: > . on-res. Data :
» E o shape from MC is used for & | . offres. Data It
background estimation o 150 CIB*B' MC }HT |
> Apply background estimation o WB%B’ MC
pply g S  [[EccMC :
method on control samples: S 100 Muds MC -} LT
» Events outside AM selection 42 T M?
region O 5y L FTE
» Events with two signal side W + +
tracks 0
» Events with non-zero net 0 02 04 06 08 1
charge E.... (GeV) for events outside AM
» Good agreement between expected selection region containing one
and observed number of events signal-side track
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Systematic Uncertainties

» Estimation of B"B- events in the data sample (1.1%)
» Uncertainties in signal efficiency determination
» Tag B reconstruction efficiency (2.9%)

»> Signal-side efficiency for each selection mode
» From ~2% to ~10%

» Uncertainties in background estimation
» From ~4% to ~15%
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Systematic Uncertainty on Signal-side
Efficiency

Selection | Tracking | PID | E_ ., | m° | Fisher | Total Syst. | Correction
Mode (%) %) | (%) [()| (%) | Error (%) Factor

evv 1.4 0.141 1.3 - - 1.92 0.97
MC for Hvv 1.4 2041 24 - - 3.45 0.93
1999 to 2% 1.4 1371 1.5 - 1.0 2.66 1.06
Jun. 2003 | Failed PID 1.4 0971 2.6 - 1.0 3.27 1.08
conditions v 1.4 0511 20 |33} 1.0 4.26 1.01
191910% 4.2 0401 2.0 - 1.0 4.77 0.99
evv 1.4 0.28| 33 - - 3.60 1.01
MC for Y 1.4 1.66| 5.6 - - 6.01 0.88
Sep. 2003 2% 1.4 1.541 3.1 - 1.0 3.87 1.06
to 2004 | Failed PID 1.4 091 5.5 - 1.0 5.83 1.08
Conditions 1%199Y 1.4 0431 33 |33} 1.0 4.99 1.02
191910% 4.2 035 102 | - 1.0 11.08 1.03
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Systematic Uncertainty on Background

Estimation of
expected background
events in the signal
region depends on
modeling of E_,,
variable 1n
background MC.

FNAL, 04/26/2005

Estimation
Selection | Correction | Systematic
Mode Factor Error (%)
evv 1.027+0.036 3.5
MC for vV 1.144+0.106 9.2
1999 to v 1.045+0.028 2.7
Jun. 2003 | Failed PID | 1.090+0.060 5.5
conditions nrdv 1.070+0.051 4.8
TV 1.057+0.036 3.4
evv | 1.060+0.071 6.7
MC for LUVV 1.232+0.185 15.0
Sep. 2003 Y 1.054+0.059 5.6
to 2004 | Failed PID | 1.079+0.039 3.6
Conditions nrdv 1.216+0.066 5.4
TV 1.056+0.041 3.9
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Un-blinded E, ., Dlstnbutlons

E 30 oﬁ res. Data } } (>_D
o | —Background MC ¢ @
ﬁ ..... Signal MC ﬁ
o 20- 8
g e :
c Ji| T 0

Jﬂfh- o, BRBTV=107

0 O 5 1 ........ T

Eoura (GEV) for evv Selection
350 filed PID | | @
e S0 failed PID T E 0
) il B
3 40 1 N~
2 1 o
S B it (7))
= 20 | :
o ] i
L 1O—P , | I

[, BREBOW) S103

; O s 1 1.5

Eera (GEV) for Failed PID Selection

FINAL, U4/20/2000

20
U Vv
15-
10 7
5 : :
T
ﬁ: . BR(B—1v) =10- 3
0 0.5 1 15
Eeira (GEV) for pvv Selection
I O I =
60 77TV ]
0 0.5 1 1 5
E.rq (GEV) for oy Selection

2 25

Events/0.0750 Ge

Events/0.0750 GeV

N
o

’72'1/

0 Eecira (85/) for Tl\)lSeI ectio:rL1 ?
60-
40
20-..

0 05 ‘ i 15

Eeira (GEV) for Tomw Selection
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Physics Results

Mode Signal-side Expected Bkg. | Observed Events in
Efficiencies (g;) % | Events (N, ) | On-peak Data (N,)
eww | (7.49+0.38+0.20) | 13.3542.40 17
v | (2.90£0.22+£0.13) | 6.17+1.72 5
IaY (7.96+0.40+£0.26) | 27.69+5.00 26
Failed PID | (8.95+0.43+0.38) | 33.36%5.11 45
v | (2.51£0.22+0.11) | 28.60+4.30 31
TRV (1.35+£0.16+0.10) | 21.62+3.01 26
Nps= (231.8+2.6)x10

€= (17512 0.071 (stat.) 0.051 (syst.) )x10-3

* Systematic corrections and errors are incorporated in the efficiencies and
background estimations

» Dominant systematic errors from background estimations
FNAL, 04/26/2005
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Limit Setting Procedure

(LEP Higgs method, A. L. Read, J. Phys. G28, 2693 (2002) )

» Using a likelihood ratio estimator to combine different channels :

. L (S + b ) Mchannels e_(Si +bi)( s, + bl )”i R hannels e—b binl-
Q — L(b) L(S+b)= H ) , L(b): H '

l:1 1° l:1 nl .

s,=N__-BR(B— 1v)e

tag *

» Uncertainties on expected backgrounds are included in the likelihood definition
by convoluting with a Gaussian G(b,, o;,). (L. Lista, NIM A 517, 360 (2004))

L(s,+b) - L(s, +b)®G(b,,0,)

» Branching fraction upper limit calculated by running toy MC for different
branching fraction hypothesis.

» The confidence level (C.L.) for certain Cl - C.L.. > N, 0..,<0.,.
signal hypothesis 1s computed as: s = a
C.L. NQb< obs

FNAL, 04/26/2005 o1



Branchmg Ratio Upper L1m1

Is — Wlthout Background Uncertalnty 5

0.8- & U Including Background Uncertainty’

G 06/ -
—04f .
0.2:— {
0 O 5 1 1 5 2 2 5 3 35 4

Branching Fraction (x 10

-2 n(Q/Qmax)

: - BABAR /
7:— preliminary
6 7_ Without Background Uncertainty
5; ----------- Including Background Uncertainty,

\H\‘\H\‘HH‘HH‘HH‘T’H\‘HH‘\

» Branching fraction upper limit at 90% C.L.

BR(B—>1v) <2.8 x 10
» Central Value

FNAL, 04/26/2005

BR(B - 1v)=1.28"

1.15
—1.08

x10~*

"1 15 2 25 3 35

N

Branching Fraction (x 10
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Combined Results

» The hadronic tag sample (81.9 fb!) is statistically independent
of the semileptonic D*/v tag sample (210.6 fb!)

» A combined likelihood ratio estimator is created by taking the
product of the semileptonic (Qy) and hadronic (Q,_4)
likelihood ratio estimator: Q... = Qg XQ}.q

Hadronic Tag and D*%/v Tag Samples
BR(B—>1tv) <2.6 x 104 at 90% C.L.

Central Value
BR(B —tv) =125 00 x107"
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Limit at 90% CL on BR(B—7tv) from

Different Experiments
- @ALEPH (1994)
@CLEO (1995)
5 L3 (1997)
5 %% @DEL PHI (2000)
> =< @CL EO (2000)
Y ﬁ_ @BABAR (2004, 82 fb )

@B¢lle prelim (2004, 140 fb™)
@BABAR prelim (2005, 211 fb)

10 10°3 102
BF(B-1tv)
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Constraint on f,

- 7
G m.r m
_ \Jplhplp/ 2 2 2 v
R e LA
JC N mB |
v
0
f5<0.41 GeV at 90% CL = 600 |
Using PDG 2004 value 2 500, Rpy
Vo =(3.67+0.47)x10"
— - -3 ~— Br(B—sv)q,~9.3x10° |
V= (3.67£0.47)x10 2 4000 ﬁ ) J_
300 —
PDG 2004 value 200— N
£,=(0.196+0.032) GeV ool _—
Lattice QCD 0‘ 7

0.002  0.003 0.004 0.005
‘Vub‘
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Constraints on CKM Parameters

2

BR(B —>rv) Vub - 1 5 +,72
Am, * @] (-p) 7
1-CL
Vil /IVial* < 0.65 15 e | ;g
1 N
» Constraint on (p,n) : CKM fit Zj
from BR(B—1tv)/Am,in 05 ..
agreement Wlth the SM = 0 .E:k ................................... d 0.5
» Current limit not N 0.4
sensitive enough for 03
providing any new 1 |8 .- ' — 102
constraint in the (p,n) » SCTSRIOM B P A | :1
parameter space 4 05 0 05 1 15 2

Y
Analysis by the CKM(fitter group (http.//ckmfitter.in2p3.fr/)

Courtesy of Andreas Hocker
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Constraint on Charged Higgs Mass

2
m;i Two Higgs doublet

model (type II)

BR(B —(v)=BR,(B—( v)x| 1-tar’ j

Hi

» Using upper limit on BR(B—1V)

@l 034 (GeV /c)

Hi

Tevatron Run I (DO) (PRL 88, 151803, 2002) _

160 " Exclusions at 95% CL ::l.>BaBar
= Direct Search, Bayesian 1 exclusion
140 -o- Direct Search, Frequentist from B>tV
B Indirect Search, Bayesian
search

[
[\ ]
(—)

A Indirect Search, Frequentist

Higgs Mass (GeV)

[y
&
(—]

T 1""'1'0
LEP excluded tan 3
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Prospect

> Central value of the branching fraction on 210.6 fb-! using only
D®lvtags  BR(B —rv)=128"11 x10™

I ! I

%)

» Investigated the prospect of 1.5 — DM f
: Loalihnnd €4 an B o~ I\ e D and Hadronic
using 1D likelihood fiton E ., E IIIII 1D ML fi
» Extract combined branching 2 D" and Hadronic
fraction and background Qg
yields X
« 4 0o 5
> Statistical error on = 05
BR(B—1v) ~0.70<10-4 _
(from toy MC study for D*0/v tags at g 260 | 460 | 660 | 8(50 | 1090
210.6 fb'! and BR(B—>1tv)=10%) LLI Luminosity (fo™)

» Expect similar sensitivity for

. . The ML fit is currently not applied =
hadronic tag analysis /i Y not app

not enough statistics for reliably model

the background shapes
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Summary

» Search for B—>tv decay using D*0/v tags (on 210.6 fb-1)
performed. Branching fraction upper limit at 90% C.L.

BR(B—>1v) < 2.8 x 10~

» Combined with statistically independent BaBar analysis

for B—>tv search using hadronic tags (at 81.9 fb!).
Upper limit at 90% C.L:

BR(B—1v) < 2.6 x 10
Results are presented at Moriond EW 2005
» The most stringent upper limit so far.

» Constraints on f5, |V, |/|V4| and charged Higgs
parameters are obtained from the BR upper limit.
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BACKUP SLIDES



Branching Fraction Upper Limit

Mode Expected Bkg. | Observed Events in | UL on BR at 90% C.L. (x10%)
Events (N, ) | On-peak Data (N, [ N, =N, On-peak Data

evv 13.35+£2.40 17 2.8 4.0
VvV 6.17£1.72 5 5.8 5.0
TV 27.69+5.00 26 4.4 3.9
Failed PID | 33.3645.11 45 4.1 7.3
TV 28.60+4.30 31 14.3 16.3
wi1aY 21.62+3.01 26 16.3 21.3
Combined - - 1.8 2.8

Combination of Modes

UL (90% CL), On-peak Data

SYAVRTARY, 3.1
EVV, LVV, TV 2.4
evv, uvv, nv, Failed PID 2.7
evVv, uvv, v, nralv, Tanv 2.5

FNAL, 04/26/2005
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Rare Leptonic B Decay Results

Decay SM Predicted Rates in | Upper Limits from
Mode Prediction NP Models BaBar (at 90% CL)
BY—ete- 2.4x10713 6.1x108
B—>pfu | 1.0x10-1° ~10-7 8.3x108
(Phys. Rev D 66, 074021 (2002))
BY—e*u® - 18x10-®
PRL (hep-ex/0408096)
B*—>K'vv| 3.872x10° 5.2x10>
B*on'vv | oc [V 4|V ? 1.0x10
PRL (hep-ex/0411061)
B— oc (m,/mg.)? | 10 to 107 (Phys. Rev. D 2.2x104
Invisible 5, DS (@0.02) PRL 93, 091802 (2004)
B*—>utv 4.2x1077 | up to x5 (Phys. Rev. D. 48, 6.6x10°
AR PRL. 92, 221803 (2004)
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Vub

ALEFH

412+ 0.67 £ 0.71
L3

570+ 1.00 £ 140
DELFHI

4.07 + 0,85 £ 0.61
OPAL

4.00+ 0.71 £0.71

CLED {endpomnt)

460+ 023 £ 0.63
BELLE =im
4752 048 £ 044

BELLE .’e:ul‘_:--: it}

446+ 023 £0.61

BABAER {eud'.:u:-m i

440+ 015 £ 044
BABAR m,

q‘-‘ﬂ:l:l.'l'.li:l."l'.‘k
BABAR (m,. 07}
5182 0.52 % 0.42
BABAR (E, Q)
400+ 032 £ 0.5]
BEI__: B,

54+ 065+ 054

_"er'.gs
470+ 0.44

HFAG
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T | T

ann. (m,, (7]

2

4 6
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CLEO®R” = p 1"

324404 0 L1 I T
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3522035 2058 I
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1| :'t: ] k T i T
AJ‘!- —l-Tl'h'
i\ ! l@‘-!'l
CLEGE =p 1'v)
100 £ 035 2 0.52
Belle /B —m1wv)
£ 100 (D
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ALEFH

41T 20ET 207 r T
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5 20 1,00 £ .40
IELFHI
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A00+07 207 I T

[ 3
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Gervasio Gomez

For the CDX Search for H*

Collaboration
Moriond EW 2005

&at—> Wb+t — Hb)

Nexpected Vs Nobs

L(m,BR(t — Hb),BR(H —> cs,Wbb))

t — Hb search CDF Run Il Preliminary
160 Excluded 95 %CL m= 175 GeV [Ldt=192 ph’
— 5M Expected
/’ //’/
14u7/cE£ - E SM t o Expected

Excluded CDF Run Il

7
i

N

|:| Excluded LEP

Iarge tHb coupll

.
-

ffffff

LEP (ALEPH, DELPHI, L3 and OPAL)

10
tan(p)

FNAL, 04/26/2005

160

140

120

100

80

60

Model Independent

BR(H > 1v) +BR(H > c5) + BR(H > Wbb)=1

E CDF Run Il Preliminary Excluded 95 %CL
150

- |—— SM Expected
140

- SM+ o Expected

CDF Run Il Excluded

>120C
Q r
= 110
100>
90
80

'l:- | | | | | | | | | | | | | | | | | | | |

0 0.2 0.4 0.6 0.8 1

BR(t—Hb)

BR(t —> HD)< 0.7 @ 95% CL
(for 80 < M, <150 GeV)
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B physics at the Tevatron
Brad Abbott
SLAC April 19, 2005

95% CL

DD: (B, — up) < 3.7 X 107
CDF(By — pp) <2.0 X 107
CDF(B, — pp) < 4.9 x 108
World’s best limits

CDF new multivariate
analysis

No strong MSSM limits
from B,. Too many
MSSM parameters

FNAL, 04/26/2005

Events/5 (MeV/c?)

o e o sl sl
ONDPOORLNDDON
TTTTTTTITTIT]TTITI I I TT T T

Rare decays

D@ Run I Preliminary
= Signal region

Sideband 1

240 pb-

Sideband 2

46 48 5 52 54 56 58 6 62

Invariant mass (U ) [GeV/c?]

CDF Preliminary
+ .-
Bs(d)—’u H

entries / 20 MeV/c?

sideband

_ sideband _

A

N
search window
B, search window

364 pb*

CMU-CMU

48 5 52 54

5.6 5.8
M,/ GeVic? 5



Physics Beyond the SM for
B%—Invisible Decays

> Enhancement in BR(B’—invisible).

(Phenomenological model motivated by the observation of an anomalous number of
dimuon events at the NuTeV experiment, Phys. Rev. D 65, 015001 (2002))

BR(B > v73’)~107 10 10°°

BaBar: BR(B—invisible) <2.2x10* at 90% CL
(PRL 93, 091802 (2004))
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B-factory Status : Belle

Offtine+Online Luminosity (pb™) (/day) 2005/04/26 07.33

Il or resonance, I off resenance, [ erergyscan

Offline+Online Luminosity (pb":) {/day)

— il data, —  OR resoRaRce, —  affresonance, EREFEY SCAR

2500
2000
1500
1000

500

Integrated Luminosity (pb"')

0 1 | 1 L L 4 4 T _|_'_|_r—._l’f_ 1 1 1 1 1 1
5/5/1999 11/29/2000 6/26/2002 172172004 &/ 172005

Belle log fotal : 415944 pb™ Date

reninfz verd. 54 Exo3 Runf - Exed3 Rur240 BELLE LEVEL htast: ibrv i ot 24 kot

FNAL, 04/26/2005 67



	Outline
	Rare Leptonic B Decays in the SM
	Suppression in the SM
	SM Branching Ratio Expectation
	Physics Beyond the SM
	Experimental Status: Rare Leptonic B Decays at BaBar
	B???
	SM Theoretical Prediction
	SM Branching Ratio Expectation
	fB Measurement
	Constraints on CKM Elements
	Constraints on CKM Elements (Cont’)
	Physics Beyond the SM for B?l?
	B+??+? Searches at Other Experiments
	A BaBar Event
	Analysis Strategy
	Tag B
	Signal Side
	Signature of B+??+? Decay in the Signal Side
	D*0l? Tags : Pros and Cons
	D*0l? Tag Reconstruction
	D*0l? Tag Reconstruction (Cont’)
	B+??+? Signal Selection
	B+??+? Signal Selection (Cont’)
	B+??+? Signal Selection (Cont’)
	Continuum Background Suppression (Cont’)
	Background Estimation
	Background Estimation (Cont’)
	Validation of Eextra Simulation: Background Estimation
	Systematic Uncertainties
	Limit at 90% CL on BR(B???) from Different Experiments
	Constraint on fB
	Constraints on CKM Parameters
	Constraint on Charged Higgs Mass
	Prospect
	Summary
	BACKUP SLIDES
	Rare Leptonic B Decay Results
	Physics Beyond the SM for   B0?Invisible Decays
	B-factory Status : Belle

